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The kinetic investigation of 4-ethylphenol with acetone in the presence of H+ ions at 15.3xl0-3,
31.4xlO-3, 46.8xl0-3 and 62.5xIO-3NHCI concentrations and at 35,40,45 and 50 ± 0.05°C tempera-
tures has been carried out. The overall rate constants and the activation parameters have been evaluated.
For 15.3xlO-3, 31.4xl0-3, 46.8xlO-3 and 62.5xl0-3 NHCI concentrations, the energies of activation are
found to be 19.52, 17.28, 15.56 and 13.3 kcal mol' and the entropies of activation are -15.37, -21.74,
-26.76 and -33.24 cal deg" mol" respectively. Effects of polarity and dielectric constant of the media
on the reaction rate have also been ascertained. The overall rate constant was resolved into stepwise rate
constants. An execellent agreement between the experimental and calculated values of k has been ob-
served.
Phenol and its homologues undergo condensation
with carbonyl compounds to form resinous as well
as non-resinous products that find extensive appli-
cation in rubber, petroleum, vegetable oil indus-
tries, in the manufacture of epoxy resins, in the
preparation of emulsifying agents and detergents
etc.':",
An oil-soluble heat reactive resin may be con-
veniently prepared by the condensation of p-
substituted phenol such as p-ter-amyl or p-
ethylphenol with acetone" A survey of literature
reveals that not even a single kinetic study has
been made on 4-ethylphenol-acetone reaction ill
the presence of H+ ions, taking into account the
functionality of 4-ethylphenol. Thus, a comprehen-
sive kinetic study of these reactions would un-
doubtedly give important information regarding
the factors controlling the nature and properties of
their products.
Materials and Methods
Materials. 4-Ethylphenol was E. Merck
(Germany) product. Acetone and hydroxylamine
were of BDH Grade. Methanol, isopropanol and
1,4-dioxan were Ranbaxy products.
Procedure. In a round bottomed flask, 15 mL
solution of 0.976 M 4-ethylphenol, 15 mL of ap-
proximately 0.4 M solution of acetone and 5 mL of
hydrochloric acid solution of desired concentration•
were placed and the flask, fitted with a water con-
denser, was suspended in the German thermostat
NEE type, maintained at the desired temperature.
After definite time intervals of 30 to 40 min, an
aliquot of 5 mL was withdrawn and placed in an
ice-bath to freeze the reaction. Acetone was esti-
mated twice by taking 2 mL of the above reaction
mixture each time. Acetone was estimated using
hydroxylamine hydrochloride method". The re-
maining 1 mL of the solution was diluted and
made upto 10 mL, out of which 0.05 mL was used
fos spectroscopic estimation' of 4-ethylphenol.
Phenol estimation was also done several times.
Results and Discussion
Results of kinetic investigations carried out at
different temperatures and [HCI] of 46.8xlO-3 M
are reported in Table 1.
Acid catalysed 4-ethylphenol-acetone reaction
proceeds according to the following equations:
(C2H5) C6HlOH)+(CH3)2CO
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Table I-Results of kinetic studies at different temperatures and [HCl]::46.8x 10-3 M
Temperature Initial Initial Time [Acetone] [4-Ethylphenol] Second Average value of
(±0.05°C) [4-EP] [Acetone] (see) reacted reacted order rate second order rate
(M) (M) (M) (M) constant constant (1 mol" sec')
(l mol"
see")
3300 0.0096 0.0177 8.45x I0-5
6900 0.0178 0.0327 7.82xlO-5
35 0.4183 0.1603 11700 0.0297 0.0545 8.23xlO-5 (8.12±0.28)x I0-5
15900 0.0485 0.0886 7.96x I0-5
3300 0.0148 0.0272 1.28x10 ...•
6900 0.0291 0.0535 1.31 X 10-5
40 0.4183 0.1669 12300 0.0440 0.0808 1.22xlO ...• (1.28±O.05)x 10""
15900 0.0585 0.1079 1.32x10 ...•
3900 0.0240 0.0440 1.90xlO ...•
6900 0.0387 0.0713 1.91 x 10-4
45 0.4157 0.1638 9900 0.0499 0.0916 1.85xI0 ...• (1.91±O.05)xI0 ...•
15900 0.0686 0.1264 1.98x10 ...•
3300 0.0304 0.0559 2.98xI0 ...•
5700 0.0440 0.0808 2.75xlO ...•
50 0.4157 0.1644 9300 0.0639 0.1175 2.85xlO ...• (2.88±O.II)x 10...•
13200 0.0810 0.1492 2.94x 10""
In the first step, 4-ethylphenol molecule attacks
the acetone molecule to form the tertiary alcohol
derivative 2-( dimethylmethanol)-4-ethylphenol A.
It is followed by the attack of a second molecule of
4-ethylphenol on A to form 2,2'-(dimethyl-
methylene )bis-( 4-ethylphenol) or isopropylidene
bis(4-ethylphenol) B. The formation of A· and B
were confirmed by TLC. The concentrations of
reacting species 4-ethylphenol and acetone were
kept low so as to restrict the formation of any kind
of higher products".
The overall rate expression for the formation of
products is given by:
dx
-=k(a-x) (b-y) ... (3)
dt
where a and b are the initial concentrations of 4-
ethylphenol and acetone respectively and x and y
are their respective amounts reacted in time t. It
was found that the ratio of 4-ethylphenol and ace-
tone reacted at any time in the reaction was:
x=1.84 Y ... (4)
This implies that not the whole of A formed in
step-l is consumed to form B in step-2.
On substituting the value of x in Eq. (3) and in-
tegrating, we get:
k
2.303 x 1.84 I a (b - y)= og
t (1.84b - a) bta -1.84y)
The values of overall rate constants at tempera-
tures 35, 40, 45, and 50 ± 0.05°C at different [HCI]
are recorded in Table II. The fact that acid cataly-
ses 4-ethylphenol-acetone reaction followed the
second order rate law which was further confirmed
from the linear plot of
.. , (5)
log. a (b - y) vs time
b(a -1.84y)
From Eq. (1), the rate of formation of 2-(1,1-
dimethylmethanol)-4-ethylphenol is given by:
dy = k, (na - y - r)(b - y) ... (6)
dt
where (b-y) and (naJ'-r) are the concentrations of
acetone and 4-ethylphenol left at time t, n is the
functionality of 4-ethylphenol. The rate of forma-
tion of 2,2' -isopropylidene-bis( 4-ethylphenol)is
given by:
dr- = k2 (na - y - r)(y - r) ... (7)
dt
when (y-r) is the concentration of2-(l,1-dimethyl-
methanol)-4-ethylphenol at time t sec.
The amount of 4-ethylphenol reacted at any
stage of the reaction is equal to the sum of the
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Table II--Overall and stepwise rate constants at different temperatures and HCI concentrations
Temperature [HCI]xI03 Initial Initial Average second Stepwise rate constants u=k/kl
(0C) (M) [4-EP] [Acetone] order rate constant (dm' mol" see")
(M) (M) 'k' (dm' mol" see") kl "'-
15.3 0.1648 (4.59±O.09)x 10-s 4.0IxlO-s 8.66xlO ...• 21.6
35±O.05 31.4 0.4183 0.1667 (6.24±0.06)x 10-s 5.42x IO-s \.I 3x 10-3 20.9
46.8 0.1603 (8.12±0.28)x 10-s 7.84x IO-s 1.68xlO-3 21.4
62.5
. (\.I6±0.18)x 10...• 1.1 I x 10"" 2.47x 10-30.1682 22.3
15.3 0.1643 (5.99±0.37)xI O-s 4.23xlO-s 9.35xlO ...• 22.1
40±0.05 31.4 0.4183 0.1638 (9 .45±O.81)x IO-s 6.05xI0-s 1.32xI0-3 21.8
46.8 0.1669 (1.28±O.05)xI0 ...• 6.92xI0-s 1.41x10-3 20.4
62.5 0.1687 (1.50±0.18)x 10...• 7.49xlO-s 1.70x I0-3 22.7
15.3 0.1617 (\.II±O.56)xI0 ...• 6.69xlO-s 1.42xI0-3 21.3
45±0.05 31.4 0.4157 0.1645 (1.56±O.08)x I0...• 7.82xI0-s 1.75x10-3 22.4
46.8 0.1638 (1.91±0.05)xlO ...• 8.44xI O-s 1.94x 10-3 23.0
62.5 0.1673 (2.31 ±O.08)x I04 1.06x I0"" 2.21 X 10-3 20.9
15.3 0.1612 (2.II±O.17)x 104 I.11xl04 2.5IxI0-3 22.6
50±0.05 31.4 0.4157 0.1634 (2.50±0.08)x I0...• 1.15x I0"" 2.32xI0-3 20.2
46.8 0.1644 (2.88±O.II)xlO ...• 1.76xlO ...• 1.76x I0"" 21.5
62.5 0.1628 (3.3I±O.05)x I04 1.90xlO ...• 4.22xI0-3 22.2
amount of acetone and 2-( 1,l-dimethylmethanol)-




Combining Eqs (6), (7) and (8), Eq. (9) is ob-
tained.
dx
dt =nkl(a-x)(b-y)+nk2(a-x)(y-r) ... (9)
where, x=y+r
Comparing Eqs (3) and (9), the following rela-
tionships are obtained.
k (a-x) (b-y)=nk( (a-x) (b-y)+nk1 (a-x) (y-r)
and k=nk +nk (y - r)
I 2 (b _ y)
where r = x - y and n for 4-ethylphenol= 1
therefore k = k+k; (2y - r) (10)
(b - y)
Table II~alculated (theoretical) values of kjkl at different











Substituting the values of x, y and k at two dif-
ferent time intervals, two simultaneous equations
for k} and k2 at a given temperature and HCI con-
centration were obtained. These equations were
solved for k, and k2 (Table II).
The ratio k/k\ was evaluated from purely theo-
retical considerations''". On resolving the various






































a 1-"'" [{ 1x=a--- na-2Y+--(b- y)
n u-l
__ l_b(-U (b _ y)U}]"
(u -1) ... (11)
The value of u was calculated from Eq. (11) by
the method of successive approximation. The cal-
culated values of u given in Table III and the ex-
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Table IV-Comparison of overall rate constants for reactions carried out in different solvents at 50±O.05 °C and at
[HCI]=0.0625M
Solvent Initial Initial Time [Acetone] Second order Average value of
[4-EP] [Acetone] (see) reacted rate constant k 'k' (drrr' mol:' see")
(M) (M) (M) (dm' mol " see:')
3300 0.0327 3.37xIO-4
5700 0.0496 3.32xIO-4
Methanol 0.4157 0.1628 9300 0.0688 3.28x 10-4 (3.31±0.05)x I0-4
13200 0.0842 3.26x 10-4
3600 0.0413 3.99x I0-4
7200 0.0671 3.94xI0-4
Isopropanol 0.4157 0.1628 11400 0.0879 3.97xlO-4 (3.96±0.02)x I0-4
15000 0.1009 3.96xlO-4
4200 0.0558 5.13x I0-4
8400 0.0861 5.17xI0-4
1,4-Dioxane 0.4157 0.1628 12600 0.1046 5.12xI0-4 (5.11±0.06)x I 0-4
18000 0.1195 5.03x 10-4
perimental values given in Table II are in good
agreement and are in the range of20-23.
This implies that the formation of 2,2' -isopro-
pylidenebis(4-ethylphenol) B is much faster than
the formation of tertiary alcohol derivative A.
For 15.3xl0-3, 31.4xl0-3, 46.8xl0-3 and
62.5xI0-3 N HCl concentrations, the values of ac-
tivation energy were found to be 19.52, 17.28,
15.56 and 13.3 kcal mol' respectively and the en-
tropy of activation to be -15.37, -21.74, -26.76
and -33.24 cal deg " mol " respectively.
Decreasing values of activation energy and en-
tropy of activation with increase in H+ ion concen-
tration confirm the role of H+ as catalyst.
The effect of changing solvent on the reaction
rate was found to increase in the order: methanol<
isopropanol<I,4-dioxan, i.e. the rate of the reaction
increased with decreasing polarity of the solvent.
A comparison of the overall rate constants for the
reaction carried out in different solvents is given in
Table IV. This behaviour supports the fact that the
rate determining step is the attack at ortho-position
of 4-ethylphenol by the protonated acetone in
acidic media. The degree of solvation of car-
bonium ion as well as that of 4-ethylphenol in-
crease with increasing polarity of the solvent, re-
sulting in lowering of the reaction rate.
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